Background: A motor blockade of lower limbs interferes with early ambulation and limits the usefulness of patient-controlled epidural analgesia (PCEA). The concentration of local anesthetic solution is a major determinant for motor block with PCEA. We compared the effects of epidural infusion of 0.075% ropivacaine with 0.15% epidural ropivacaine on postoperative analgesia, motor block of lower limbs, and other side effects. Methods: A total of 70 patients undergoing laparoscopic gynecologic surgery received epidural infusions (group R1, 0.15% ropivacaine with fentanyl; group R2, 0.075% ropivacaine with fentanyl). Pain score, motor block, and side effects (hypotension, nausea, vomiting, pruritus, urinary retention, dizziness, and numbness) were measured. Results: There were no significant differences in the demographic profiles between the groups. Pain scores of the group R1 and the group R2 were not significantly different. Motor block was more frequent in the group R1 (0.15% ropivacaine with fentanyl) than in the group R2 (0.075% ropivacaine with fentanyl). Conclusion: Lower concentration of ropivacaine (0.075%), when compared with higher concentration of ropivacaine (0.15%), seemed to provide similar analgesia with less motor blockade of the lower limbs for the purpose of PCEA.
INTRODUCTION
Patient-controlled epidural analgesia (PCEA) with opioids, although more effective than intravenous patient controlled analgesia (IV-PCA) for postoperative pain control, is associated with frequent unwanted side effects including nausea, vomiting, pruritus, hypotension, motor blockade, and urinary retention [1] . In particular, an intense motor blockade of the lower limbs by epidural infusions of local anesthetics has been known to interfere with early ambulation and limit the usefulness of PCEA. Ropivacaine is a new local anesthetic that has been gaining popularity in epidural analgesia due to less motor blockade and less toxicity. The 0.2% formulation of ropivacaine produces effective postoperative analgesia and less motor blockade compared with bupivacaine [2] . However, a previous study has reported that a lumbar epidural infusion of 0.2% ropivacaine caused frequent motor blockade of the lower limbs (30-63%) [1] .
A concentration of local anesthetic solution is a major determinant of motor blockade with PCEA [2] . An epidural infusion of 0.1 or 0.15% ropivacaine with opioid provided satisfactory postoperative pain management [3, 4] . Therefore, a lower concentration, lesser than 0.1% of ropivacaine may provide comparable postoperative analgesia with lesser motor blockades. This study was designed to evaluate the effects of low concentration of ropivacaine (0.075%) with fentanyl on postoperative analgesia, motor block of lower limbs, and other side effects from PCEA, when compared with 0.15% ropivacaine with fentanyl.
MATERIALS AND METHODS
This study was approved by the local institutional review board, and informed consent was obtained from all participants. Patients aged between 18 and 65 years with the American Society of Anesthesiologists (ASA) physical status I or II and undergoing laparoscopic gynecologic surgeries were considered for inclusion. Exclusion criteria were as follows: ASA physical status of greater than III, patients with a history of hypertension or diabetes mellitus, peripheral neuropathy, drug or alcohol abuse, body mass index of more than 30 kg/m 2 , and inability to understand the use of PCEA or visual analogue scale (VAS).
This study was conducted in a randomized, double-blinded method. Patients were randomized using a computer randomization program into one of two groups: group R1 was 0.15% ropivacaine and fentanyl, while group R2 was administrated with 0.075% ropivacaine and fentanyl. Two anesthesiologists carried out the study. One was responsible for preparing the epidural drug. The other conducted anesthesia and assessed the pain scores and side effects.
In the operating room, routine monitoring devices were applied including electrocardiography, non-invasive blood pressure, pulse oximetry, and bispectral index (BIS). After confirmation of the baseline vital signs, Hartman's solution 500 mL infusion was started. Epidural catheter was placed 3 cm into the epidural space at the L2-3 or L3-4 interspaces. The catheter was fixed with sterilized fixing tape to prevent catheter dislodgement or removal, and then 3 mL of 2% lidocaine and 1:200,000 epinephrine were injected as a test dose. After confirmation of negative response to the test dose, patients received ropivacaine 0.15% with 2 μg/mL of fentanyl (group R1) or ropivacaine 0.075% with 2 μg/mL of fentanyl (group R2) 10 mL. If the sensory level of the block did not reach T8 dermatome, patients received an additional 5-10 mL dose of ropivacaine (ropivacaine 0.15% with 2 μg/mL of fentanyl or ropivacaine 0.075% with 2 μg/mL of fentanyl). An infusion device (Accumate 1000, WooYoung Medical, Seoul, Korea) containing the study drug was connected to each patient. Study drug was prepared as follows: In group R1, 0.15% ropivacaine was mixed with 2 μg/mL of fentanyl with an infusion rate-bolus dose-lockout interval of 10 mL/hr-5 mL/15 min; group R2, 0.075% ropivacaine was mixed with 2 μg/mL of fentanyl, 10 mL/hr-5 mL/15 min, respectively. After confirmation of adequate sensory block to T8 dermatome (tested by pinprick) and
Hartman's solution 500 mL infusion was finished, general anesthesia was conducted with propofol 1.5 mg/kg and rocuronium 0.8 mg/kg. A 3 vol% of sevoflurane was used with oxygen and air (FiO2 0.5) during the induction period. After achieving a deep neuromuscular blockade, which was confirmed by train of four monitoring, endotracheal intubation was performed, and sevoflurane was controlled in the range of BIS 40 to 60.
Epidural analgesia was assessed 5 times: just before leaving the post-anesthesia care unit (PACU), 6 hr, 12 hr, 24 hr, and 36 hr after the surgery. Pain was assessed using the VAS score where 0 indicated no pain and 10 indicated worst pain possible during rest (Vrest), cough or movement (Vc/m). Motor blockade of the lower limbs was assessed by a modified Bromage scale (0: no motor block, 1: inability to raise extended leg, 2: inability to flex knee, 3: inability to flex ankle) [5] . The level of sensory blockade was also checked using the pinprick method at 6 hr after surgery. Patients were instructed to press the PCA button for a bolus injection if their self-reported pain score exceeded 3 at rest. If pain did not subside after the bolus injection, it was also recorded and managed by IV bolus of fentanyl 50 μg. Complications, such as nausea and vomiting, dizziness, hypotension, urinary retention, numbness of legs, and pruritus, were also assessed. Hypotension was classified as systolic blood pressure <90 mmHg. Urinary retention was checked by an urologist at 6 hr, 12 hr, 24 hr, and 36 hr after surgery. It was classified as a bladder volume of greater than 400 mL with the inability to void spontaneously and single catheterization was performed. Bladder ultrasonography was performed to measure the bladder volume.
The primary outcome measure was VAS at 6 hr after surgery. This prospective investigation was performed as a preliminary study. A minimum sample size of 31 patients per group was required to detect a difference of VAS among the groups with a power of 0.8 and a type one error of 0.05. In consideration of a dropout rate of about 20%, 74 patients There are no significant differences between the groups (p>0.05).
were enrolled in this study. Data was computed and analyzed by using IBM SPSS version 23.0 (IBM Co., Armonk, NY, USA). The data are presented as the numerical values or the mean (SD) as appropriate. Normally distributed continuous data were analyzed using the independent sample t-test. Continuous variables that were non-normally distributed were analyzed via the Mann-Whitney U-test. Categorical data such as complication, motor block, and sensory level were analyzed using chi-square test or Fisher's exact test as applicable.
p<0.05 was considered statistically significant.
RESULTS
Of the 74 patients enrolled, 70 completed the trial. There were 33 patients in the group R1 and 37 patients in the group R2. Four patients were excluded from the study due to the following reasons: refusal to provide consent (2 in the group R1) and failure of nerve block (2 in the group R1). Demographic and clinical characteristics were not different between the two groups ( Table 1 ).
There were no significant differences between the group R1 and R2 in the VAS score at rest and movement ( Table 2 ). The number of patients receiving supplementary postoperative analgesia with fentanyl was not significantly different between the two groups ( Table 2 ). The incidence of motor blockade in the group R1 was higher than that in the group R2 at PACU, 6 hr, and 12 hr after surgery ( Table 3 ). The total number of patients showing complications did not differ between the two groups ( Table 4 ). The most frequent side effect was nausea and vomiting, with a similar incidence in both groups (24% and 27%). However, urinary retention was more common in the group R1 (p<0.05). Sensory blockade was most common at T8 dermatome in patients with epidural analgesia, and there were no significant differences between group R1 and group R2 (Table 5 ). p<0.05 versus the group R2. 
DISCUSSION
This study compared the effects of lower concentration of ropivacaine (0.075%) plus fentanyl for PCEA on postoperative analgesia, motor block, and other side effects with higher concentration of ropivacaine (0.15%) plus fentanyl. Epidural analgesia with 0.075% ropivacaine provided similar pain relief after gynecologic surgery when compared with 0.15% ropivacaine. Participants with epidural infusion of 0.075% ropivacaine presented the advantage of preserving motor control in lower limbs and significantly less incidence of urinary retention than the group with 0.15% ropivacaine.
Previous studies have reported that epidural infusion of local anesthetics provides superior postoperative analgesia for lower abdominal surgery, including laparoscopic gynecologic surgery, compared with IV-PCA [6, 7] . The optimal concentration of ropivacaine has been suggested as 2 mg/mL (0.2%) when used for epidural analgesia [2, 8, 9] ; however, this concentration was shown to lead to excessive motor blockade and urinary retention [1, 10] . Lower concentrations of ropivacaine can be helpful in minimizing motor blockade and other side effects since the concentration of local anesthetic solution is a major determinant of motor blockade with PCEA [2] . Clinical studies evaluating postoperative analgesia demonstrated that a combination of local anesthetic and opioid has synergistic effects [3, 5] . Although the action mechanism of epidural opioids is unclear, epidurally administered opioids can improve postoperative analgesia and facilitate the use of lower concentration of epidural ropivacaine with decreased motor blockade. Buggy et al. reported that 0.1% ropivacaine with fentanyl provided sufficient analgesia after lower abdominal surgery [11] .Their results showed that an epidural infusion of 0.1% ropivacaine plus fentanyl provided similar pain relief when compared with 0.2% ropivacaine [1, 8] . In this study, we found that an epidural infusion of 0.075% ropivacaine plus fentanyl was equivalent to 0.15% ropivacaine plus fentanyl in terms of pain management after lower abdominal surgery, and both concentrations of ropivacaine provided excellent pain control (Table 2) . Therefore, a combination of local anesthetic and opioid for epidural analgesia seemed to improve postoperative pain relief and allow the use of a lower concentration of local anesthetic.
Motor blockade of the lower limbs is a major consideration for epidural analgesia due to the current emphasis on early postoperative mobilization. Lower concentration of local anesthetic can be used for epidural analgesia to minimize motor blockade of the lower limbs. Scott et al. reported that there was a dose-related increase in the amount of motor blockade [9] . Approximately 30% of patients with an epidural infusion of 0.2% ropivacaine demonstrated motor blockade of the lower limbs, but the incidence of motor blockade was very low in an epidural infusion of ropivacaine 0.1%. In another study, motor blockade occurred in 30-63% of patients receiving a lumbar epidural infusion of 0.2% ropivacaine [1] . Our results also showed that the incidence of motor blockade in the 0.075% ropivacaine group was significantly lower when compared with the 0.15% ropivacaine group.
Although PCEA has been considered to be the gold standard for pain management after major abdominal surgery, some studies have shown that many patients suffer various side effects after epidural analgesia [4, 9, 11, 12] . Frequent adverse effects include urinary retention, pruritus, hypotension, nausea and vomiting. Common side effects in our study were also nausea, vomiting and urinary retention. The total number of patients showing complications was not significantly different between the groups (Table 4 ). However, urinary retention was more common in the group R1 (epidural analgesia with ropivacaine 0.15% plus fentanyl, Table 4 ) than the group R2. Local anesthetic block of S2-4 can result in urinary retention by an interference with normal voiding after epidural blockade [2] . A higher concentration of epidural ropivacaine in the group R1 may be associated with higher incidence of urinary retention due to more intense blockade. Turner et al. [8] showed that approximately 10-30% of patients with epidural ropivacaine 0.2% experienced urinary retention, but another study reported that 0-1% of patients with 0.1% ropivacaine had urinary retention [4] . Nausea and vomiting, which are also common adverse effects, occurred in 25.7% of all participants, but the incidences were not significantly different between the two groups. Although many factors are related with postoperative nausea and vomiting, opioids can be seen as a major trigger of our study. Nausea has been reported to occur in approximately 23-26% of patients treated with opioids [13, 14] , which was similar in our case. Moreover, significantly more patients with larger dose of epidural fentanyl experienced nausea [5] . However, a previous study has reported that a combination of epidural opioids with local anesthetics had little effect on the occurrence of nausea and vomiting in PCEA [12] . Hence, further studies are needed to determine what is responsible for nausea and vomiting after surgery.
In conclusion, this study showed that a lower concentration (0.075%) of epidural ropivacaine with fentanyl was not significantly different from higher concentration (0.15%) of epidural ropivacaine with fentanyl in terms of postoperative analgesia. Furthermore, the incidence of motor blockade of the lower limbs was lower in the patients with 0.075% ropivacaine than the patients with 0.15% ropivacaine. Therefore, a combination of 0.075% ropivacaine with fentanyl is recommended as an effective alternative to 0.15% ropivacaine with fentanyl for PCEA.
